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APOLLO 10  (MISSION F)  SPACECRAFT OPERATIONAL 

ALTERNATE MISSION PLANS 

VOLUME I - EARTH ORBITAL ALTERNATES 

By David D. DeAtkine and Ronny H .  Moore 

SUMMARY 

The p lans  proposed i n  t h i s  repor t  d e f i n e  a l ternate  mission 
sequences t h a t  r e s u l t  from t h e  following cont ingencies  which could occur 
dur ing  Apollo 1 0  (Mission F ) .  

1. A C O I  maneuver when t h e  S-IVB fa i l s  l a t e  i n  i t s  first burn and i s  
followed by CSM sepa ra t ion  and an SPS burn t o  o r b i t  

2 .  

3. Premature or nonnominal T L I  t e rmina t ion  t h a t  r e s u l t s  i n  an 
e l l i p s e  whose energy i s  such t h a t  an SPS midcourse AV of g r e a t e r  than  
approximately 4000 f p s  i s  requi red  t o  achieve a circumlunar mission 

A T L I  NO-GO (no S-IVB r e i g n i t i o n )  

4. F a i l u r e  t o  e j e c t  t h e  LM from t h e  S-IVB i n  any of t h e  above s i t u a -  
t i o n s  ( C O I  r e q u i r e s  t h e  loss of the  LM) 

The proposed e a r t h  o r b i t a l  a l t e r n a t e  missions involve  several 
d i f f e r e n t  procedures .  The sequence used i s  determined by t h e  contingency 
s i t u a t i o n  i t s e l f  and by such c o n s t r a i n t s  as SPS and DPS AV c a p a b i l i t y ,  
a v a i l a b i l i t y  of t h e  LM (for docked DPS burns ,  rendezvous,  and APS 
burn t o  d e p l e t i o n ) ,  recovery requirements,  r a d i a t i o n  c o n s t r a i n t s ,  and 
R C S  deo rb i t  c a p a b i l i t y .  Target ing o b j e c t i v e s  of the orb i ta l  maneuvers 
are presented  toge the r  wi th  t h e  LM-active rendezvous o b j e c t i v e s .  
Seve ra l  t y p i c a l  a l t e r n a t e  mission t i m e  l i n e s  have been generated t o  
demonstrate t h e  a p p l i c a t i o n  of t h e  o b j e c t i v e s .  
mission p lans  presented  are as follows: long-durat ion CSM-only missions 
( s i m i l a r  t o  Apollo 7 ) ,  long-duration LM development missions , and 
long-durat ion combined opera t ions  missions (similar t o  Apollo 9 ) .  

The gene ra l  types  of 
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INTRODUCTION 

This  document p re sen t s  t h e  o p e r a t i o n a l  e a r t h  o r b i t a l  a l t e r n a t e  
mission plans for Apollo 10 (Mission F) and provides  F l i g h t  Control  
w:th a comprehensive set  of a l t e r n a t e  missions t o  i n t e g r a t e  i n t o  mission 
r u l e s .  

The document i s  r e s t r i c t e d  t o  e a r t h  o r b i t a l  a l ternate  missions 
which s t e m  from e i t h e r  a nonnominal f i r s t  o r  second S-IVB burn ( o r  
no S-IVB burn ) ,  which assume an ope ra t iona l  CSM, and which cons ider  LM 
a v a i l a b i l i t y  and n o n a v a i l a b i l i t y .  The gene ra l  theme of t h e  a l ternate  
mission planning philosophy i s  t o  maximize LM eva lua t ion ;  t h u s ,  i f  
p o s s i b l e ,  p r i o r i t y  i s  given t o  t es t s  of t h e  LM and of i t s  propuls ion  
systems i n  Missions F and G duty cyc le s .  Circumlunar and lunar  o r b i t a l  
a l t e r n a t e  mission p l ans  are t o  be d iscussed  i n  Volume I1 of t h e  document 
e n t i t l e d  Apollo 10  (Mission F )  Spacecraf t  Opera t iona l  A l t e rna te  Mission 
Plans .  Al te rna te  lunar rendezvous p lans  a r e  d iscussed  i n  Volume 111. 
This  document supersedes t h e  pre l iminary  p l a n  ( r e f .  1). The study i s  
r e s t r i c t e d  t o  t h e  May launch window; however, t h e  same gene ra l  t echniques  
are appl icable  t o  any monthly window. 

ABBREVIATIONS 

AGS 

APS 

CDH 

CM 

co I 

CSI 

C SM 

D O 1  

DPS 

DTO 

e . s . t  

abort  guidance system 

ascent  propuls ion system 

constant  d i f f e r e n t i a l  he ight  

command module 

contingency o r b i t  i n s e r t  ion  

c o e l l i p t i c  sequence i n i t i a t i o n  

command and s e r v i c e  modules 

descent o r b i t  i n s e r t i o n  

descent propuls ion system 

de ta i l ed  t e s t  o b j e c t i v e  

eas te rn  s tandard  t i m e  
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G&N 

G . m . t .  

g . e . t .  

h a 

h 
P 

Ah 

LM 

LO I 

MC C 

MSFN 

PGNCS 

RC S 

RTACF 

RTCC 

SM 

SPS 

tb 

TEI 

TLI 

TPF 

TP I 

VHF 

nv 

guidance and naviga t ion  

Greenwich mean t ime 

ground e lapsed  t ime 

apogee a l t i t u d e  above e a r t h  

per igee  a l t i t u d e  above e a r t h  

he ight  d i f f e r e n t i a l  

l una r  module 

luna r  o r b i t  i n s e r t i o n  

midcour s e c o r r e c t  i o n  

Manned Space F l i g h t  Network 

primary guidance and navigat ion c o n t r o l  subsystem 

r e a c t i o n  c o n t r o l  system 

R e a l - T i m e  Auxi l ia ry  Computing F a c i l i t y  

Real-Time Computer Complex 

s e r v i c e  module 

s e r v i c e  propuls ion  system 

burn t i m e  

t r a n s e a r t h  i n j e c t i o n  

t r a n s l u n a r  i n j e c t i o n  

te rmina l  phase f i n a l i z a t i o n  

t e rmina l  phase i n i t i a t i o n  

very high frequency 

increment a1 veloc it y 



NOMINAL MISSION DESCRIPTION AND INPUT DATA 

Apollo 1 0  (Mission F )  i s  planned t o  be a CSM/LM combined ope ra t ions  
and l u n a r  o r b i t a l  mission.  The prime o b j e c t i v e s  are t o  s a t i s f y  a number 
of D T O ' s  a s soc ia t ed  wi th  CSM/LM c i s l u n a r  and l u n a r  ope ra t ions ,  and 
t o  demonstrate crew/space vehic le /miss ion  support  f a c i l i t i e s  performance 
during a CSM/LM manned luna r  mission. 
a d d i t i o n a l  d a t a  f o r  t h e  luna r  g r a v i t a t i o n a l  p o t e n t i a l  and f o r  t h e  MSFN 
s ta te  vec tor  de te rmina t ion  c a p a b i l i t y .  A complete l i s t  of Apollo 10 
(Mission F )  t e s t  o b j e c t i v e s  i s  presented  i n  r e fe rence  2 .  

The mission w i l l  provide 

The AS-505/CSM-106/LM-b space v e h i c l e  i s  t o  be  launched wi th in  
a window which opens on May 18, 1969, and which c l o s e s  May 25, 1969. 
The nominal Apollo 10 mission d e s c r i p t i o n  given i n  r e fe rence  3 was 
designed f o r  a p a r t i c u l a r  launch and i n j e c t i o n  oppor tuni ty ;  namely, 

May 18, 72' launch azimuth, 11 48 
oppor tuni ty .  

h m  e . s . t . ,  and i n j e c t i o n  on t h e  f irst  

Input  da t a  used i n  t h e  p repa ra t ion  of t h i s  document were obta ined  
from t h e  following sources .  

Mission F DTO's . . . . . . . . . . . . . . . .  Ref. 2 

Mission and spacecraf t  c o n s t r a i n t s  . . . . . .  Refs. 4, 5 ,  6 

Crew t i m e  l i n e  . . . . . . . . . . . . . . . .  Ref. 7 

Spacecraf t  parameters . . . . . . . . . . . . .  Refs. 4, 5 ,  6 

Mission rules Ref. 8 . . . . . . . . . . . . . . . . .  

DEFINITIONS, GROUND RULES, AND ASSUMPTIONS 

Because t h e  mission and spacec ra f t  c o n s t r a i n t s  documents ( refs .  4 
and 5 )  do not con ta in  a l l  necessary ground rules and assumptions for 
e a r t h  o r b i t a l  a l t e r n a t e  mission p l ans ,  it i s  necessary t o  document 
t h e  b a s i c  guide l ines  used t o  p l an  t h e  a l ternate  missions t h a t  are 
descr ibed .  
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Def in i t i ons  

. 

Severa l  terms which a r e  used i n  t h i s  r e p o r t  are def ined  as 
fo l lows  . 

1. Al te rna te  mission - A mission wi th  a reduced number of 
preplanned nominal t e s t  ob jec t ives  t o  which t h e  crew can revert i n  
s i t u a t i o n s  f o r  which cont inua t ion  of  t h e  nominal mission i s  not p o s s i b l e  
b u t  for which crew s a f e t y  i s  not  i n  jeopardy 

2.  Abort - Any s i t u a t i o n  in  which crew s a f e t y  r e q u i r e s  immediate 
a c t i o n  toward t e rmina t ion  of t h e  mission and safe crew r e t u r n  without 
cons ide ra t ion  f o r  further accomplishment of mission o b j e c t i v e s  

3. Semisynchronous o r b i t  - An e l l i p t i c  o r b i t  w i t h  a 12-hour 
pe r iod  which, t h e r e f o r e ,  has t w o  pe r igee  passes  pe r  day; t h e  pe r igee  
p o s i t i o n s  are f i x e d  r e l a t i v e  t o  t he  e a r t h ,  180° a p a r t  i n  longi tude  

Ground Rules and Assumptions 

1. Al te rna te  mission planning w i l l  be c o n s i s t e n t  wi th  cu r ren t  
spacec ra f t ,  crew, and opera t iona l  c o n s t r a i n t s .  

2. No a d d i t i o n a l  RTCC processors  w i l l  be necessary.  No a d d i t i o n a l  
real-time requirements  are cu r ren t ly  de f ined ,  but i f  t h e y  o c c u  , t hey  
w i l l  be considered f o r  incorpora t ion  i n  t h e  RTACF. 

3. Coverage by MSFN f o r  a l l  SPS and LM maneuvers i s  desirable.  
Coverage for a l l  l a r g e  LM maneuvers i s  mandatory. 

4. LM t e s t i n g  i n  e a r t h  o r b i t  has  p r i o r i t y  over a CSM-only l u n a r  
m i  s s i o n  . 

5 .  If r e t u r n  t o  a low e a r t h  o r b i t  wi th  rendezvous i s  not p o s s i b l e ,  
LM t e s t i n g  i n  a high e l l i p s e  i s  p re fe rab le  t o  LM t e s t i n g  i n  a low e a r t h  
o r b i t .  

6 .  Deorbit  from a l l  a l t e r n a t e  missions w i l l  be planned such t h a t  
r e c w e r y  l i g h t i n g  c o n s t r a i n t s  a r e  m e t  whenever poss ib l e .  

7 .  Only water landings  a r e  planned. 

8. It i s  assumed t o  be desirable t o  s t a y  i n  o r b i t  after a non- 
nominal TLI or not TLI f o r  a fu l l -du ra t ion  mission (approximately 10 days)  
rather than  t o  abor t  t h e  mission. 



6 

3. I n  a l l  a l t e r n a t e  miss ions ,  t h e  nominal mission t i m e  l i n e  i s  
followed whenever poss ib l e .  

10. Radiat ion hazards  do not p r o h i b i t  one pass  through pe r igee  i n  
a hiph e l l i p s e  ( h  > 4000 n .  m i . )  wi th  crewmen i n  t h e  LM. No r a d i a t i o n  

hazard e x i s t s  for crewmen i n  t h e  CM f o r  t h e s e  types  of o r b i t s .  
a 

1 1 .  No add i t iona l  crew t r a i n i n g  w i l l  be  r equ i r ed  f o r  a l t e r n a t e  
missions.  

12. RCS deorb i t  c a p a b i l i t y  i s  maintained f o r  a l l  a l t e r n a t e  
missions.  

13. A h igh-e l l ipse  phasing maneuver, when r equ i r ed ,  w i l l  occur as 
near as poss ib l e  t o  t h e  nominal MCC-1 t i m e .  

14. No s h i f t i n g  o f  t h e  l i n e  of aps ides  or t h e  l i n e  of nodes i s  
attempted i n  a phasing maneuver for a p a r t i a l  T L I  h igh -e l l i p se  a l t e r n a t e ;  
only a change i n  o r b i t a l  per iod  i s  made. 

15 .  The docked DPS, s imulated LOI ,  and phasing maneuvers w i l l  
ach ieve ,  i n  combination, a 100- by 400-n. m i .  a l t i t u d e  e l l i p s e  p r i o r  t o  
a rendezvous sequence. When no rendezvous i s  p o s s i b l e ,  t h e s e  burns a r e  
used t o  achieve a semisynchronous o r b i t .  

16. The May 17 launch d a t e  has been used i n  t h i s  s tudy.  Since t h e  
f i n a l i z a t i o n  of  input  d a t a  t o  t h i s  document, t h e  opening day of t h e  
May launch window has  been moved t o  May 18; however, t h e  techniques 
descr ibed i n  t h i s  document gene ra l ly  are app l i cab le  t o  any day of t h e  
May window, with very  minor changes i n  mission event  t imes .  

17. The f i r s t  SPS maneuver a f t e r  t h e  last  docked DPS maneuver 
w i l l  be  a t  l e a s t  40 seconds i n  du ra t ion .  
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ALTERNATE MISSION PLANS 

The a l t e r n a t e  missions are summarized i n  t h e  flow c h a r t  and i n  
t a b l e  I as a func t ion  of t h e  type  and t h e  t i m e  of f a i l u r e .  

A l t e rna te  Mission 1 (CSM-only Low Ear th  O r b i t )  

A l t e rna te  mission 1 assumes t h a t  t h e  LM cannot be e j e c t e d  and as- 
sumes e i t h e r  an SPS C O I  or an  S-IVB fa i lu re  t o  achieve a 25 000 n.  m i .  
apogee TLI burn.  The sequence of events  i s  as fol lows.  

1. SPS phasing burn t o  assure  MSFN t r ack ing  f o r  s imulated LO1 a t  
near  nominal g . e . t .  

2 .  Simulated LO1 t h a t  r e s u l t s  i n  a 100- by 400-n. m i .  a l t i t u d e  
o r b i t  

3. Fur ther  M C C ' s  t o  achieve t h e  d e s i r e d  end of mission e l l i p s e  
(90- by 240-n. m i .  a l t i t u d e )  and t o  complete SPS luna r  mission duty  
cyc le  

4 .  Approximately a 10-day mission; landing i n  150' W P a c i f i c  
recovery area 

A l t e r n a t i  Mission 2 (CSM-only Semisynchronous ) 

The a l t e r n a t e  mission 2 p l an  assumes t h a t  t h e  S-IVB f a i l s  dur ing  
t h e  second burn with ha - > 25 000 n. m i . ,  and t h a t  t h e  LM cannot be 

e x t r a c t e d .  The sequence of events i s  as fo l lows .  

1. SPS phasing maneuver t o  assure  simulated LO1 burn t r a c k i n g  

2.  Simulated SPS LO1 expended p r imar i ly  out of p lane ;  in-plane 
component used t o  p l ace  CSM i n  a semisynchronous o r b i t  

3 .  SPS phasing maneuver t o  place a la te r  pe r igee  over t h e  165' W 
P a c i f i c  recovery zone 
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Al t e rna te  Mission 3 (CSM/LM Ear th  Orbit 
Combined Operations wi th  SPS Deboost) 

The a l t e r n a t e  mission 3 p lan  assumes t h a t  t h e  T L I  maneuver d i d  
not  occur  or t h a t  t h e  T L I  apogee does not exceed 4000 n.  m i .  and t h a t  
t h e  LM w a s  e j e c t e d .  The maneuver sequence i s  as f o l l o w s . '  

1. I f  necessary ,  SPS maneuver t o  raise apogee f o r  l i fe t ime 
requirements 

2 .  LO1 maneuver t o  raise (o r  lower)  apogee t o  400 n.  m i .  expending 
remainder out of p lane  

3. Simulated D O 1  ( i n  docked conf igu ra t ion )  

4.  Simulated powered descent  i n  docked conf igu ra t ion ,  us ing  p r o f i l e  
shown i n  f i g u r e  1 

5 .  SPS maneuver t o  c i r c u l a r i z e  o r b i t  a t  150 n .  m i . ;  maneuver i s  
a t  l eas t  40 seconds i n  du ra t ion  

6 .  LM-active rendezvous ( d e s c r i p t i o n  i n  s e c t i o n  on rendezvous) 

7 .  Undocked and unmanned APS burn t o  dep le t ion  (AGS c o n t r o l l e d ) ;  
t a r g e t e d  as i n  Apollo 9 

8. Further  SPS maneuvers t o  achieve d e s i r e d  end-of-mission e l l i p s e  
(90- by 240-n. m i .  o r b i t )  and complete l u n a r  mission duty  cyc le  

9 .  
150' W area 

Approximately a 10-day mission wi th  l and ing  planned f o r  t h e  

Al t e rna te  Mission 4 (CSM/LM Ear th  Orb i t  Combined 
Operations wi th  DPS/SPS Deboost) 

The a l t e r n a t e  mission 4 p lan  assumes t h a t  t h e  S-IVB f a i l s  during 
t h e  T L I  w i t h  4000 n .  m i .  < ha - < 10 000 n .  m i .  and t h a t  t h e  LM i s  

successfu l ly  ex t r ac t ed .  
b i n a t i o n ,  a r e  r equ i r ed  t o  r e t u r n  t h e  CSM/LM t o  a low e a r t h  o r b i t  without 

I n  t h i s  s i t u a t i o n ,  t h e  DPS and SPS, i n  com- 

t h e  CSM rescue c a p a b i l i t y  being s a c r i f i c e d .  
as fo l lows .  

1. 

The sequence of events  i s  

SPS phasing maneuver t o  a s su re  MSFN t r a c k i n g  f o r  next  powered 
descent  s imulat ion burn 

2.  DPS D O 1  i n  docked conf igura t ion  
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3. DPS simulated powered descent i n  docked conf igu ra t ion ;  used 
t o  lower apogee t o  approximately 4000 n.  m i .  (remainder expended out  
of p l ane )  while  crew i s  p ro tec t ed  from r a d i a t i o n  b e l t s  encountered a t  
a l t i t u d e s  between 400 t o  2000 n .  m i .  
i n  f i g u r e  1. 

The t h r o t t l e  p r o f i l e  i s  presented 

4. SpS phasing (zimuiated MCC)  maneuver t o  i n s u r e  MSFN t r a c k i n g  f o r  LO1 

5 .  SPS L O 1  whi'li lowers apogee t o  400 n .  m i . ;  remainder of AV 
i s  expended out  of  p lane  

6. SPS maneuver t o  c i r c u l a r i z e  at 150-n. m i .  a l t i t u d e ;  maneuver 
B t  l e a s t  40 seconds i n  dura t ion  

7 .  LM-active rendezvous 

8. Undocked and unmanned APS burn t o  dep le t ion ;  t a r g e t e d  as i n  
Apollo 9 

9 .  SPS maneuvers t o  complete luna r  mission t i m e  l i n e  and t o  achieve 
nominal end of mission 90- by 240-n. m i .  a l t i t u d e  o r b i t  

10. Approximately a 10-day mission with landing i n  t h e  150' W 
P a c i f i c  a r e a  

Al t e rna te  Mission 5 (CSM/LM Semisynchronous O r b i t )  

The a l t e r n a t e  mission 5 plan  assumes t h a t  t h e  SPS and DPS i n  
combination cannot p lace  t h e  CSM/LM i n  low e a r t h  o r b i t  without  t h e  
s a c r i f i c e  of LM rescue  c a p a b i l i t y  and t h a t  t h e  SPS p r o p e l l a n t  i s  not  
s u f f i c i e n t  f o r  a CSM/LM circumlunar mission;  t h a t  i s ,  t h e  r e s u l t a n t  T L I  

a apogee i s  such t h a t  50 000 > ha 1. 10  000 n.  m i .  The sequence of events  

i s  as fol lows.  

s i t e )  
1. SPS phasing maneuver ( t o  p l ace  a l a t e r  per igee  over a MSFN 

2. SPS L O I ,  t a r g e t e d  t o  make o r b i t  semisynchronous, wi th  
remainder of AV expended out  of plane 

3. SPS phasing maneuver, i f  necessary,  t o  a d j u s t  t h e  s e m i -  
synchronous o r b i t  

4. Docked DPS DO1 

5.  Docked DPS powered descent s imula t ion  
a 

requirement.  
50 000-n. m i .  l i m i t  based upon pre l iminary  e s t ima tes  ofLAV r e s e r v e  
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13. .?rS phasing mr!ncuver t o  p l ace  l a t e r  pe r igee  over 1 6 5 O  W 
I -  I \ I V - I - . ,   one; burn a t  lc: ;t, 110 seconds i n  du ra t ion  

7 .  SPS maneuver t o  e s t a b l i s h  semisynchronous o r b i t  wi th  pe r igee  
C V ~ . ~ '  1-ccovery zone 

8. Approximately a 10-day miss ion ,  wi th  d i r e c t  r e t u r n  from 
se;,,isynchronous o r b i t  t o  165' W recovery zone 

'1 t .ypical  mission events  summary f o r  each of t h e  a l t e r n a t e  missions 
i s  given i n  t a b l e  11. 

TARGETING OF ORBITAL MANEUVERS 

In-plane and out-of-plane t a r g e t i n g  f o r  o r b i t a l  maneuvers w a s  
i nd ica t ed  i n  t h e  preceding mission d e s c r i p t i o n s .  While t h e  docked 
DPS maneuver and t h e  LO1 maneuver are being performed, apprec i ab le  
~-1111,-~-,7-plane AV may he a v a i l a b l e .  The r e s u l t a n t  AV may be used t o  
advance o r  r e t a r d  t h e  l i n e  of nodes,  a procedure which may be  used t o  
s h i f t  t h e  groundtrack not  only t o  cover t h e  rendezvous sequence b e t t e r  
but  a lso t o  opt imize deo rb i t  maneuver t r a c k i n g .  To in su re  maximum 
t r a c k i n g  during t h e  rendezvous sequence, t h e  TPI maneuver w i l l  be planned 
t o  occur during a r evo lu t ion  which has  a descending node of approximately 
40" W longi tude .  The t i m e  of occurrence o f  such a r evo lu t ion  (and,  
t h e r e f o r e ,  t h e  l o c a t i o n  of TPI and a l l  o t h e r  maneuver p o i n t s )  may be 
inf luenced by a nodal s h i f t .  If no problem exists i n  t r a c k i n g ,  t h e  
node may be advanced wi th  one maneuver and r e t a r d e d  wi th  ano the r ,  
w i t h  a r e s u l t a n t  minimal s h i f t  i n  t h e  l i n e  of nodes. The most d e s i r a b l e  
s i t u a t i o n  for deorb i t  occurs  when two success ive  o p p o r t u n i t i e s  f o r  
t h e  intended recovery zone a r e  available. It i s  h ighly  d e s i r a b l e  t o  
have land-based t r a c k i n g  f o r  t h e  f i r s t  oppor tuni ty .  Out-of-plane 
t h r u s t i n g  i n  t h e  prev ious ly  d iscussed  maneuvers may be used t o  provide 
be th  s i t u a t i o n s .  

LM-ACTIVE RENDEZVOUS FOR ALTERNATES 3 AND 4 

\ I C  objec t ive  of t h e  IIM-active rendezvous ( a l t e r n a t e s  3 and 4) i s  
t o  s i i I I i t e  a s  c l o s e l y  as poss ib l e  i n  e a r t h  o r b i t  t h e  ncminal G mission 
l u n a r  t,?nilt zvous from t h e  CDH maneuver through t h e  t e rmina l  phase.  
The s i t u a t i o n  i s  s imulated by matching t h e  vehicle- to-vehicle  l ine-of -  
s i g h t  e l eva t ion  angles  (which y i e l d  a s tandard  t e rmina l  phase)  from CDH 
through T I T .  To design a comparable e a r t h  o r b i t a l  s imu la t ion ,  t h e  luna r  
i-~ii,3ezvoil~ p r o f i l e  descr ibed  i n  r e fe rence  3 w a s  used as a guide .  A t  
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t h e  same t ime,  however, cons idera t ion  of f l i g h t  crew t r a i n i n g  and 
ground support  workloads d i c t a t e d  t h a t  t h e  rendezvous be kept  as 
simple as poss ib l e  and y e t  achieve t h e  condi t ions  p rev ious ly  descr ibed .  
The r e s u l t  of t h e  cons idera t ions  i s  a p r o f i l e  which resembles t h e  C 
mission rendezvous p r o f i l e ,  f o r  which t h e  Apollo 10 (Mission F) prime 
crew has t r a i n e d .  

To a s su re  a safe per igee  for  a l l  rendezvous maneuvers and s t i l l  
r e t a i n  SM/CM RCS hybrid deo rb i t  c a p a b i l i t y ,  a 150-n. m i .  a l t i t u d e  
c i r c u l a r  o r b i t  w a s  chosen as t h e  base  o r b i t  f o r  t h e  rendezvous. The 
rendezvous sequence i s  begun by an SM RCS 5-fps r a d i a l  s epa ra t ion  
maneuver. The burn i s  d i r e c t e d  r a d i a l l y  upward, and t h e  LM moves below 
and i n  f r o n t  of t h e  CSM i n  an equiperiod o r b i t .  
or one-half o r b i t  l a t e r ,  t h e  LM performs a DPS phasing maneuver which 
provides  t h e  des i r ed  Ah and phase angle  a t  t h e  CDH po in t  s l i g h t l y  over 
a n  o r b i t  l a t e r .  
a l t i t u d e  o r b i t  and i s  somewhat comparable t o  t h e  phasing burn i n  t h e  
nominal Apollo 10  (Mission F) sequence of events .  
computed on board; however, because t h e  phasing maneuver provided t h e  
proper  CDH o f f s e t ,  t h e  CSI maneuver nominally w i l l  be  zero.  If t h e  ma- 
neuver i s  performed, it would occur h a l f  an o r b i t a l  pe r iod  (approximately 
45 min) before  CDH near apogee. The maneuver CDH i s  a near -hor izonta l ,  
r e t rog rade  burn wi th  t h e  DPS which p l aces  t h e  LM i n  a 139-n. m i .  
c i r c u l a r  o r b i t .  This  burn y i e l d s  a cons tan t  Ah of  approximately 11 n.  m i .  
below t h e  CSM. A maximum separa t ion  range of 170 n.  m i .  i s  achieved;  
t h i s  d i s t ance  i s  considered s u f f i c i e n t  f o r  rendezvous r ada r  and VHF 
ranging  tes t s .  The sepa ra t ion  range results i n  t h e  t i m e  between CDH 
and TPI being approximately 1 1 0  minutes.  
changed t o  achieve MSFN coverage f o r  CDH. 
i s  s u f f i c i e n t  t o  a l low another  CSI CDH sequence t o  a d j u s t  t h e  c o e l l i p t i c  
approach. 
a f t e r  CDH-1 and t h e  accompanying CDH-2 would occur 45 minutes l a t e r ,  which 
would leave approximately 40 minutes between CDH-2 and TPI. 
w i l l  be  s taged some t i m e  (probably 30 min) p r i o r  t o  TPI. 
TPI i s  based on l i g h t i n g  condi t ions such t h a t  s u n r i s e  occurs  a t  a range 
of approximately 2.5 n .  m i .  
25 minutes p r i o r  t o  day l igh t  and on a LM-to-CSM e l e v a t i o n  angle  of 
26.6". 

Approximately 45 minutes 

This  burn places  t h e  LM i n  a 198- by 139-n. m i .  

The CSI maneuver i s  

However, t h e  t i m e  can be  
The t i m e  between CDH and TPI 

If it i s  r equ i r ed ,  the  f i n a l  CSI-2 would occur 25 minutes 

The DPS 
The maneuver 

For e a r t h  o r b i t  p r o f i l e s ,  TPI i s  executed 

The CSM travel  angle  from TPI t o  t h e o r e t i c a l  TPF i s  130°. 

Coverage by MSFN i s  des i r ab le  f o r  a l l  maneuvers; however, f o r  a l l  
Coverage launch oppor tun i t i e s ,  t h i s  coverage may not  be poss ib l e .  

o f  t h e  phasing and CDH burn and adequate t r ack ing  between CDH and TPI 
were assumed mandatory and w i l l  be provided by i n i t i a t i o n  of t h e  
rendezvous sequence during t h e  proper  r evo lu t ion  over  t h e  United S t a t e s .  
I n  most ca ses ,  adequate t r ack ing  w i l l  ex ' is t  between t h e  o the r  rendezvous 
maneuvers. 
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A d e t a i l e d  sequence of events  f o r  a t y p i c a l  a l t e r n a t e  3 e a r t h  
rendezvous i s  shown i n  t a b l e  111. A t y p i c a l  e a r t h  rendezvous r e l a t i v e  
motion and i t s  ba r  cha r t  are shown i n  f i g u r e s  2 and 3, r e s p e c t i v e l y .  
The CSM rescue  procedures are e s s e n t i a l l y  l i m i t e d  t o  mirror-image 
rnneuvers f o r  CDH and TPI . 

Two o t h e r  p o s s i b i l i t i e s  e x i s t  i n  s i t u a t i o n s  f o r  which t h e  planned 
e a r t h  o r b i t  rendezvous cannot be completed because of one o r  more 
inopera t ive  propuls ive  systems or because of i nope ra t ive  G&N systems. 
The p o s s i b i l i t i e s  a r e  as fol lows.  

1. An all-APS rendezvous may be scheduled i f  t h e  DPS f a i l s .  The 
half-loaded APS has enough AV c a p a b i l i t y  t o  perform both  t h e  DPS 
phasing and t h e  CDH-1 maneuvers. The rendezvous l a s t s  approximately 
4 .5  hours,  which i s  wi th in  t h e  t i m e  l i m i t  of t h e  APS power supply.  
remaining AV w i l l  be s u f f i c i e n t  t o  perform a long AF'S burn t o  dep le t ion .  
The only d i f f e r e n c e  from t h e  planned rendezvous i s  t h e  burn du ra t ions  
t h a t  r e s u l t  from use  of t h e  A P S .  The r e l a t i v e  motion i s  t h e  same as 
f i g u r e  2. 

The 

2 .  I f  both t h e  DPS and APS f a i l  or i f  t h e  PGNCS or AGS guidance 
systems a r e  inope ra t ive ,  c a p a b i l i t y  s t i l l  e x i s t s  t o  perform a l a r g e  
f o o t b a l l  rendezvous. The normal min i foo tba l l  i s  f i r s t  performed 
wi th  a 5-fps radially-downward maneuver by t h e  SM RCS t h a t  p l aces  t h e  
CSM and LM i n  equiper iod o r b i t s .  J u s t  p r i o r  t o  t h e  quar te r -orb i t  p o i n t ,  
t h e  descent s t a g e  i s  j e t t i s o n e d ,  and approximately 45 minutes a f te r  t h e  
min i foo tba l l  s epa ra t ion ,  t h e  LM RCS i s  used t o  p l ace  t h e  LM on a l a r g e  
r e l a t i v e  motion f o o t b a l l  with a 51.9-second, 80-fps AV maneuver (APS 
interconnect  assumed open) ,  performed m r f i a l l y  upward. The maneuver 
r e s u l t s  i n  a maximum sepa ra t ion  range of 45.5 n .  m i . ,  which i s  
s u f f i c i e n t  t o  perform rendezvous r a d a r  and VHF ranging checks.  
performs T P I  (AV = 24 f p s )  approximately 70 minutes a f te r  t h e  RCS 
phasing maneuver at t h e  normal 26.6" e l e v a t i o n  angle .  
on,  t h e  t e rmina l  phase i s  a nominal approach. Relative motion f o r  t h i s  
RCS-only rendezvous i s  shown i n  f i g u r e  4 .  
would be planned such t h a t  normal t e rmina l  phase l i g h t i n g  i s  achieved; 
TPI would occur 25 minutes before  d a y l i g h t .  

The LM 

From t h a t  po in t  

The rendezvous,  i f  performed, 

CONCLUDING REMARKS 

The data presented and procedures descr ibed  i n  t h i s  document 
represent  t h e  ope ra t iona l  e a r t h  o r b i t a l  a l t e r n a t e  mission p lans  f o r  
t h e  Apollo 10  (Mission F )  l una r  o r b i t a l  mission.  
document has been t o  de f ine ,  p r imar i ly  q u a l i t a t i v e l y  r a t h e r  t han  
q u a n t i t a t i v e l y ,  t h e  a l t e r n a t e  mission procedures .  

The purpose of t h e  

Because of t h e  l a r g e  

. 
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amount of d a t a  t h a t  would be necessary t o  cover completely t h e  launch 
window and corresponding a l t e r n a t e  mission s i t u a t i o n s ,  t h e  d a t a  
presented  are meant merely t o  be r e p r e s e n t a t i v e  of t h e  range of maneuvers 
which could be used. The RTCC and RTACF procedures and processors  
w i l l  be  used t o  compute t h e  maneuvers i n  real  t i m e ,  and real-time 
maneuver t a r g e t i n g  r a t h e r  t h a n  p r e f l i g h t  generated d a t a  w i l l  be  r e l i e d  
upon f o r  t h e  a l t e r n a t e  missions.  
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